We obtained two conformational polymorphs of 2,5-dichloro-3,6-bis(dibenzylamino)-p-hydroquinone, C 34 H 30 Cl 2 N 2 O 2 . Both polymorphs have an inversion centre at the centre of the hydroquinone ring (Z 0 = 1 2 ), and there are no significant differences between their bond lengths and angles. The most significant structural difference in the molecular conformations was found in the rotation of the phenyl rings of the two crystallographically independent benzyl groups. The crystal structures of the polymorphs were distinguishable with respect to the arrangement of the hydroquinone rings and the packing motif of the phenyl rings that form part of the benzyl groups. The phenyl groups of one polymorph are arranged in a face-to-edge motif between adjacent molecules, with intermolecular C-HÁ Á Á interactions, whereas the phenyl rings in the other polymorph form a lamellar stacking pattern with no significant intermolecular interactions. We suggest that this partial conformational difference in the molecular structures leads to the significant structural differences observed in their molecular arrangements.
Introduction
Polymorphism has attracted significant interest from both academic and industrial researchers in fields such as pharmaceuticals, foods and pigments, because the differences in the packing arrangements and molecular conformations of polymorphs result in different physicochemical properties in the crystalline state (Bernstein, 1987 (Bernstein, , 2002 . Therefore, the understanding and prediction of the occurrence of polymorphs has been intensively studied, particularly focusing on molecular structure (Chrobak et al., 2014; Sridhar et al., 2015; Ibragimov et al., 2016) . Several structural parameters, such as hydrogen bonding and molecular flexibility, have been suggested as significant factors for polymorphism in molecular crystals (Yu et al., 2000) . In addition to these factors, there exist polymorphophores, consisting of a certain molecular skeleton which often adopts polymorphic forms (Lutker et al., 2008; Zipp et al., 2013) . Our group has been involved in the systematic investigation of diaminodicyanopyrazine dyes (Matsuoka, 2000) with dibenzylamino groups as bulky and flexible substituents. We have previously reported differentcoloured polymorphs exhibited by some pyrazine dyes, whose colour differences were attributed to conformational changes within the molecular crystals (Matsumoto et al., 2006) . We also found that weak halogen-related intermolecular interactions play an important role in the conformational polymorphism of a series of pyrazine dyes (Akune et al., 2015 (Akune et al., , 2017 . In this article, we report a new example of conformational poly- Table 1 Experimental details. Polymorph (1a) Polymorph ( Computer programs: RAPID-AUTO (Rigaku, 2000) , SHELXT (Sheldrick, 2015a) , SHELXL2014 (Sheldrick, 2015b) , Mercury (Macrae et al., 2008) and CrystalStructure (Rigaku, 2017) .
Figure 1
Photographs of (a) polymorph (1a) and (b) polymorph (1b).
geometrically idealized positions for both polymorphs, and were refined using the riding model, with C-H = 0.93 Å for aromatic H atoms, C-H = 0.97 Å for CH 2 groups and O-H = 0.82 Å for hydroxy H atoms. The H atoms were constrained to ride on their parent atoms, with U iso (H) = 1.2U eq (C,O) of the parent atom.
Thermal and powder X-ray diffraction (PXRD) measurements
Differential scanning calorimetry (DSC) analyses of polymorphs (1a) and (1b) were carried out using a Rigaku Thermo Plus2 DSC8230 instrument. Each polymorph (2 mg) was placed in a sealed aluminum pan with a crimped pan closure, and was analyzed against another pan containing the same amount of Al 2 O 3 as the samples, which acted as the reference. The heating rate was 10 K min À1 . Before and after the DSC measurements, each powder sample was characterized by PXRD performed with the same equipment used for the single-crystal X-ray diffraction analysis.
Results and discussion
Photographs of the two polymorphs are shown in Fig. 1 . The space group of (1a) is P2 1 /n, with two molecules per unit cell (Z 0 = 1 2 ). Polymorph (1b) was found to belong to the Pbca space group with Z = 4 and Z 0 = 0.5. The molecular structures of (1a) and (1b), with the atom-numbering schemes, are shown in Fig. 2 . The molecules of both polymorphs were found to have an inversion centre at the centre of the hydroquinone ring. The hydroquinone rings of both polymorphs have a planar geometry and there was no significant difference between their respective bond lengths. Another similarity is that both feature intramolecular hydrogen bonds, forming five-membered rings, between the hydroxy substituents and the N atoms of the amine groups (see supporting information). Their molecular conformations also initially looked very similar, but we found that differences in the geometry of the phenyl groups might be related to the occurrence of the polymorphs of (1). Table 2 lists selected bond lengths for (1a) and (1b). The C2-O1 bond lengths are comparable to the typical C O and C-OH bond lengths of 1.241 and 1.366 Å , and clearly indicate that the molecules in both polymorphs exist in the hydroquinone form. The C3-N1 bond lengths show that the substituted amino groups are only weakly conjugated with the central aromatic ring, in contrast to the benzoquinone form of (1) (Shimada et al., 2015) , where the length of the same C-N bond was 1.365 (4) Å . These bond lengths, and the absence of a clear bond alternation in the central ring, are additional evidence for the low extent of conjugation between the amino group and the aromatic ring. We also performed FT-IR measurements of (1) and its benzoquinone form. In the IR spectrum of (1), we observed a peak corresponding to the hydroxy group, whereas the peak corresponding to the carbonyl group was not observed in the benzoquinone form of (1). These results clearly indicate that (1) exists in the hydroquinone form.
The conformational differences between the two polymorphs depicted in Fig. 3 can also be characterized with the aid of the important angles and dihedral angles listed in Table 3 . The angles around the amino groups of both polymorphs are almost the same, and their conformational differences were found to originate from the geometrical The molecular structures of (a) polymorph (1a) and (b) polymorph (1b), with the atom numbering. Displacement ellipsoids are drawn at the 50% probability level. [Symmetry code: (i) Àx + 1, Ày + 1, Àz + 1.] Table 2 Selected bond lengths (Å ) for polymorphs (1a) and (1b).
1.7309 (19) 1.7280 (19) relationship of the two phenyl rings (Ph1 is atoms C5-C10 and Ph2 is C12-C17) of the respective aminobenzyl groups.
The dihedral angles between the central hydroquinone ring and the Ph1 and Ph2 rings in (1a) are 11.9 (2) and 74.0 (2) , respectively. In contrast, the corresponding dihedral angles in (1b) are 43.6 (2) and 65.4 (2) . There is also a large difference in the spatial location of Ph1 with respect to the hydroquinone ring. The molecular structures of the two polymorphs suggested that the flexibility of the dibenzylamino groups contributes to the conformational variety of (1), similar to previous reports (Akune et al., 2015 (Akune et al., , 2017 . The dibenzylamino groups also affected the molecular packing structures of both polymorphs. Fig. 4 illustrates the molecular packing structure of (1a). The arrangement of the hydroquinone ring between adjacent molecules is a herringbone packing motif withoutinteractions, the dihedral angle of which is around 30 . The Ph1 ring of (1a) is arranged in a face-to-edge motif between the Ph2 ring of adjacent molecules, with intermolecular C-HÁ Á Á interactions (2.876 Å ). On the other hand, the molecular packing structure of (1b) is significantly different from that of (1a) ( The molecular packing structure of polymorph (1a), viewed along the b axis, showing the hydroquinone rings in gray and the face-to-edge packing of the two neighbouring phenyl rings in pink. The dashed lines represent intermolecular C-HÁ Á Á interactions between the H atoms of Ph1 and Ph2 in adjacent molecules.
Figure 3
The molecular structures of (a) polymorph (1a) and (b) polymorph (1b), showing the calculated least-squares planes for the hydroquinone ring (HQ) and the two phenyl rings (Ph1 and Ph2). Table 3 Parameters ( ) for important angles and the dihedral angles in (1a) and (1b).
HQ, Ph1 and Ph2 are the planes of the central C1-C3/C1 i -C3 i ring, the C5-C10 phenyl ring and the C12-C17 phenyl ring, respectively [symmetry code: (i) Àx + 1, Ày + 1, Àz + 1]. 
Figure 5
The molecular packing structure of polymorph (1b), viewed along the b axis. The hydroquinone rings, the lamellar stacking pattern of the Ph2 rings and the almost-parallel arrangement of the Ph1 rings to the bc plane are shown in gray, blue and red, respectively. pattern along the a axis and the dihedral angle between them is approximately 90 . The phenyl rings were found to form a lamellar stacking pattern almost parallel to the bc plane, with the dihedral angles between the bc plane and the Ph1 and Ph2 rings being 1.38 (7) and 24.46 (8) , respectively. Nointeractions or significant C-HÁ Á Á interactions were identified in this packing motif. We consider the slight change in the rotation of the phenyl ring in the benzyl group between the two polymorphs as contributing to the considerable structural difference in their packing motifs. This result clearly indicates that the dibenzylamino group is a parameter for the occurrence of conformational polymorphism. DSC measurements were also carried out for the polymorphs in order to check their thermal stability. We found that both polymorphs exhibited only a single sharp peak corresponding to their melting points at 445 K for (1a) and 444 K for (1b) (see the supporting information for the DSC plots; Fig. S1 ). The cooled powdered samples of both polymorphs following DSC measurements were characterized to be the (1a) form based on their PXRD patterns (see the supporting information for the PXRD patterns; Figs. S2-S4).
Conclusion
Two conformational polymorphs of 2,5-dichloro-3,6-bis(dibenzylamino)-p-hydroquinone were obtained and their crystal structures were analyzed. A large difference in the conformation of one of the phenyl rings of the benzyl groups of the amino moiety was suggested to have contributed to the occurrence of this conformational polymorphism. These findings illustrate a new example of the presence of a dibenzylamino group attached to an aromatic moiety with the occurrence of conformational polymorphism.
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2,5-Bis(dibenzylamino)-3,6-dichlorobenzene-1,4-diol (20130730_colorless_block)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement was performed using all reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 . R-factor (gt) are based on F. The threshold expression of F 2 > 2.0 sigma(F 2 ) is used only for calculating Rfactor (gt).
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Cl1 0.23763 (5) 0.60878 (5) 0.58672 (5) 0.0671 (2) (7) 0.0852 (10) −0.0062 (6) 0.0105 (7) −0.0088 (7) N1 0.0411 (8) 0.0449 (9) 0.0552 (9) −0.0097 (7) 0.0031 (7) 0.0023 (7) C1 0.0386 (9) 0.0423 (11) 0.0608 (11) 0.0005 (8) 0.0050 (8) −0.0005 (8) C2 0.0429 (10) 0.0369 (10) 0.0566 (11) −0.0014 (7) 0.0023 (8) −0.0035 (8) C3 0.0383 (9) 0.0405 (10) 0.0539 (10) −0.0044 (7) 0.0020 (8) 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement was performed using all reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 . R-factor (gt) are based on F. The threshold expression of F 2 > 2.0 sigma(F 2 ) is used only for calculating Rfactor (gt). 0.0484 (9) 0.0320 (7) 0.0523 (9) −0.0043 (6) 0.0044 (7) −0.0072 (6) C1 0.0475 (10) 0.0361 (9) 0.0472 (11) 0.0015 (7) −0.0018 (8) −0.0018 (8) C2 0.0497 (10) 0.0293 (8) 0.0488 (11) 0.0029 (7) 0.0014 (8) 0.0015 (7) C3 0.0448 (9) 0.0303 (8) 0.0461 (10) −0.0006 (7) 0.0037 (8) −0.0030 (7) supporting information sup-7
Acta Cryst. (2018). C74, 437-441 C4 0.0672 (13) 0.0384 (10) 0.0546 (12) −0.0027 (9) 0.0083 (9) −0.0064 (8) C5 0.0478 (10) 0.0376 (10) 0.0534 (11) 0.0008 (8) 0.0010 (8) −0.0071 (8) C6 0.0621 (12) 0.0518 (11) 0.0537 (12) −0.0002 (9) 0.0009 (9) −0.0068 (9) C7 0.0749 (14) 0.0604 (13) 0.0637 (16) −0.0002 (11) 0.0003 (11) −0.0239 (11) C8 0.0678 (14) 0.0420 (11) 0.0888 (17) 0.0004 (10) −0.0005 (12) −0.0189 (12) C9 0.0671 (14) 0.0389 (11) 0.0744 (16) 0.0021 (9) −0.0025 (11) −0.0023 (10) C10 0.0635 (13) 0.0431 (11) 0.0564 (12) −0.0002 (9) −0.0032 (10) −0.0061 (9) C11 0.0492 (11) 0.0435 (10) 0.0619 (13) −0.0062 (8) 0.0030 (9) −0.0064 (9) C12 0.0455 (11) 0.0384 (9) 0.0651 (13) −0.0057 (7) 0.0057 (9) −0.0060 (9) C13 0.0837 (16) 0.0427 (11) 0.0831 (17) 0.0026 (10) 0.0273 (13) 0.0010 (10) 
